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ABSTRACT

This thesis presents an image — guided control for a central receiver system which consists of
2 subsystems: the sun tracking system and sunlight reflecting system. The structure of the sun
tracking system has 2 DOF and an industrial camera was used to detect the sun position. The sunlight
reflecting system has 2 DOF and a mirror was installed at the top of the structure to reflect the
sunlight.

PID controller was implemented in LabVIEW software to control the sun tracking system
and to regulate the center of sun position at the center of image data. Then the sun position was
calculated to control the rotation of the sunlight reflecting system in order to reflect the sunlight to the
target.

The experiments can be devided into 3 parts. Firstly, the electric bulb simulating the sun is
used for testing the system response and the accuracy of the sun tracking. It was found that the
system response has a peak time of 0.5 s, settling time of 1.5 s and + 3 pixel of steady state error.
Secondly to test the sun tracking system, it shown that the system worked well and has error
with in + 5 pixel. Finally, to test the working performance between the tracking system and the
sunlight reflecting system, it was seen that the system worked well and has error with in + 0.5

meters.

Keywords: Image — Guided Control, Sun Tracking System, Central Receiver System
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1. Proportional feedback control (P)
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2. Proportional — integral (PI) feedback control
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4. Proportional — integral — derivative control (PID)
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FUNIEAINTIN 1.2
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Gni']\‘lﬁ n.2 %@Haﬂ'llw'lg"ll@\ﬁJ@Lﬁai

Rated input Single phase 220 — 255 V. ~ 50/60 Hz
Rated speed 3000 rpm

Maximum speed 5000 rpm

Peak stall torque 3.82 Nm

Rated torque 1.27 Nm

Inertia (without brake) | 0.277 kg/cm2

Output power 0.4 Kw
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woIAes 15951 ASP — 090 — 09 Han 1w Copley Controls Corp. HVBYATUNIZAINTNA .3

u

= ) o ¢ 7
AT NN N.3 “IJ@HE‘H]'I!W'I%"U'EN?J’E]L@E]?UMTJ [18]

(gopltevl DIGITAL SERVOAMPLIFIER c
AkrEs AC el - for BRUSHLESS or BRUSH MOTORS
T C u S Panel o =
GENERAL SPECIFICATIONS RoHS
Test conditions: Load = 3-phase Wye connected load, 2 mH line-line. Ambient temperature = 25 °C. +HV = HVmax
MODEL ASP-055-18 | ASP-090-09 'ASP-090-18 ASP-090-36 ASP-180-09 ASP-180-18
OUTPUT POWER
Peak Current 18 &12.7) 9 (6.4) 18 (12.7) 36 (25.5) 9 (6.4) 18 (12.7) Adc (Arms)
Peak time 1 1 1 S
Continuous current 6 (4.2) 3 (2.1) 6 (4.2) 12 (8.5) 3(2.1) 6 (4.2) Adc (Arms) per phase
Peak Output Power 0.92 0.79 1.55 2.95 1.59 3.15 kw
Continuous Output Power 0.32 0.27 0.53 1.0 0.53 1.06 kW
INPUT POWER
HV  to HV__ +20to +55 +20to+90 +20to+90 +20to +90 +20to +180 +20 to +180 Vdc, Transformer-isolated
Peak current 20 10 20 40 10 20 Adc (1 sec) peak
Continuous current 6.7 3.3 6.7 13.3 3.3 6.7 Adc continuous

PWM OUTPUTS

Type
PzVM ripple frequency
COMMUTATION & CONTROL

3-phase MOSFET inverter, 20 kHz ceng%rkv;'elghted PWM, space-vector modulation
z

Current loop 20 kHz (50 ps period; update rate
Velocity & Position loop 4 kHz (250 Hs period) update rate
Commutation Sinusoidal, field-oriented control of DC brushless motor

0
Phase Initialization Amplifier initializes in trapezoidal commutation until a Hall transition occurs,
then switches to sing;_qjd%j commutation with phase-correction at each Hall signal transition

BANDWIDTH
Current loop, small signal 3 kHz typical, bandwidth will vary with tuning & load inductance
HV Compensation Changes in HV do not affect bandwidth
Analog torque/velocity +10Vdc, 12 bit resolution Differential ?3-2,14
Input impedance 66 kO Between Ref(+), Ref(-)
Digital position reference Pulse/Direction, CW/CCW Stepper commands (2 MHz maximum rate
Quad A/B Encoder 20 Mcount/sec (after quadrature), 5 Mline/sec
Digital torque & velocity reference PWM , Polarity PWM = 0~100%, Polarity = 1/0
PWM PWM = 50% +/-50%, no polarity signal required
PWM frequency range 1 kHz minimum, 100 kHz maximum
PWM minimum pulse width 220 ns
All inputs 74HC14 Schmitt trigger oaeratlng from 5.0 Vdc with RC filter on input
Logic levels Vin-LO < +1.35 Vdc, Vin-HI > +3.65 Vdc, Input voltage range 0 to +24 Vdc
Pull-up, pull-down control IN2,3,4] have group selectable connection of 10 kQ input pull-up/down resistor to +5 Vdc or ground
Enable [IN2] edicated input with 330us RC filter for amplifier enable, active level programmable
GP [IN1,2,3,4] General Purpose inputs with 330us RC filter and active level select, [IN1,3,4] have programmable functions
HS [INS,6] High-Speed Inputs inputs with 100ns RC filter, active level select, and programmable functions
RS-232 RxD, TxD, Gnd in 6-position, 4-contact RJ-11 type modular connector, and on 13-24, 25, & 13

Full-duplex, serial communication port for amplifier setup and control, 9600 to 115200 baud
Data protocol: binary

Phase U, V, W Amplifier outputs to 3-phase Wye or delta connected brushless motors with floating neutral
Hallu, vV, W Digital Hall signals .
Encoder A, /A, B, /B, (X,/X) Quadrature encoder signals, single-ended or differential (X or Index signal not required)

5 MHz maximum line frequency (20 Mcount/s) when driven from active differential outputs
[IN1] Motemp . See Digital Inputs (above) for details (Note 1)
Amp Status Bicolor LED. Amplifier status indicated by color, and blinking or non-blinking condition

Type Current-sinking MOSFET open-drain output with 1kQ pullup to +5 V through diode, 1 Adc sink max, +30 Vdc max.
[OUT1,2] Programmable
External flyback diode required with inductive loads

HV Overvoltage +HV > HV. Amplifier outputs turn off until +HV < HV__ (See Input Power for HV_ )
HV Undervoltage +HV < 20%dc Amplifier outputs turn off until +HV > F§'Vdc

Amplifier over temperature PC Board > 70 °C.

Short circuits Output to output, output to ground, internal PWM bridge faults

I2T Current limiting Programmable: continuous current, peak current, peak time

Motor over temperature Digital inputs programmed for overtemp function will disable amplifier

Size 6.58 in (167,1 mm) X 3.89 in (98,81 mm) X 1.17 in (29,72 mm)

Weight 0.94 Ib (0.43 kg) for amplifier without heatsink

Ambient temperature 0 to +45 °C operating, -40 to +85 °C storage

Humidity 0% to 95%, non-condensing

Contaminants Pollution degree 2

Environment IEC68-2: 1990

Cooling Heat sink and/or forced air cooling may be required for continuous power output (see pg. 8 & 9)

1.Digital input & output functions are programmable. Default functions are shown here.
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woies a3 331 LXM23CU04M3X Han Iag Schneider electric 1103aT11W1ZAIA13197 .4

= ] ° P s
N1TNN N.4 magammwmamamaﬂm’s [19]

Servo motor reference BCHO06020 BCHO8010
Compatible Lexium 23 servo drive LXM23CUO4M3X | LXM23CUO4M3X
Supply power v Single phase 220
Torque Continuous stall M, |[Nm 1.27
Peak stall M. |Nm 382
Rated work point Rated toruge Nm 1.27
Rated speed pm 3000
Rated power kw 04
Peak current Ams 78
Servo motor specification
Maximum speed pm 5000
Constant Torque Nm/Arms |0.49 049
inertia Nobrake  J, | kgem? 0.277 0.68
Withbrake J, | kgem? 03 073
Stator Armature resistance (phase/phase) | Q 1.55 0.93
(at 20°C) i mH 671 7.39
Electrical time constant ms 43 7.96
Brake (depending on reference) See page 7
Toruge/speed curve
BCHO06020 servo motor BCHOB8010 servo motor
Control by LXM23CUO4M3X servo drive Control by LXM23CUO4M3X servo drive
Single phase 220 V Single phase 220 V
Torque in Nm Torque in Nm
Mt == st
3st-1 . 351 X
34 \\ 3 NS
2 N w AN
i % = s
1.04-2 :o 2
o. 05
1000 2000 3000 4000 5000 1000 2000 3000 4000 5000

Speed in rpm
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NADIAINDAGAATINNITTUFU scA1000 — 30gm/ge Wan 1Ag BASLER i)

=
N N5 Uag N.6

= 9 o v
VBUATUNWIZAIATIT I

A13197 1.5 ToYaTUNIZVOINADIAINDARATINNT T [16]

u

Basler scA1000-30gm
ltem Symbol Typ.! | Std. Dev.2 | Unit | Remarks
Temporal Noise Parameters
Total Quantum Efficiency (QE) | n 43 TBD % | A=545nm
Inverse of Overall System Gain | & 36 0.15 &
Temporal Dark Noise Ody 11 0.8 e
Saturation Capacity T 14000 600 e~
Derived Parameters
Absolute Sensitivity Threshold | 1y min 25 TBD p~ | A=545nm
Dynamic Range DYNout. bit 10.3 0.10 bit
Maximum SNR SNRy. max bit 6.9 0.03 bit
SNRy.maxap | 414 0.20 dB
ltem Symbol Typ. | Std. Dev.? | Unit | Remarks
Spatial Noise Parameters
Spatial Offset Noise, DSNU 235 | 0, 3.8 0.3 e
Spatial Gain Noise, PRNU;288 | S, 1.5 0.3 %
Operating Point
ltem Symbol Remarks

Video output format 12 bits/pixel(Mono16)

Gain 360

Offset 9

Exposure time Texp 100.0 ps to 49.1 ms

"The unit e~ is used in this document as a statistically measured quantity.
2The standard deviation was calculated from a sampling of 58 cameras.
3The standard deviation was calculated from a sampling of 18 cameras.
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N.4 Gearbox

Gearbox §1 PE070 — 015 Han 1ng Apex gearbox Haoyasnizasn1sai n.7

= 9 o Y an
ATNN N.6 VBYAIUNIZUDINADIAINDAQATINNITTY [16]

Basic Information

Vendor Basler

Model scA1000-30gm
Type of data presented Typical

Number of samples 58

Sensor Sony ICX204AL
Sensor type CCD

Sensor diagonal

Indication of lens category to be used | C-Mount
Resolution 1034 x 779 pixel
Pixel width 4.65 pm

Pixel height 4.65 pm

Readout type Progressive scan
Transfer type

Shutter type g

Overlap capabilities -

Maximum frame rate 31 frames/second
General conventions

Interface type Gigabit Ethernet

A 9 o a s
A1TWNN N.7 mayjammwmmmﬂimﬂ

Ratio 15:1

Output torque | 39 Nm

Max. torque 70.2 Nm

Weight 2.7kg

Rated speed | 4000 rpm

Max. speed 6000 rpm

Inertia 0.5 kgcm2
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M15197 .8 Toyasunzue9n1ia DAQ [20]

Product Name
Product Family
Form Factor
Part Number
Operating System/Target
LabVIEW RT Support
DAQ Product Family
Measurement Type
Isolation Type
RoHS Compliant
Analog Input
Channels
Single-Ended Channels
Differential Channels
Resolution
Sample Rate
Max Voltage
Maximum Voltage Range
Maximum Voltage Range Accuracy
Maximum Voltage Range Sensitivity
Minimum Voltage Range
Minimum Voltage Range Accuracy
Minimum Voltage Range Sensitivity
Number of Ranges
Simultaneous Sampling
On-Board Memory
Analog Output
Channels
Resolution
Max Voltage
Maximum Voltage Range
Maximum Voltage Range Accuracy
Minimum Voltage Range
Minimum Voltage Range Accuracy
Update Rate
Current Drive Single

Current Drive All

Digital /O

PCI-6232

Multifunction Data Acquisition

PCI

779617-01

Windows , Real-Time

Yes

M Series

Digital , Frequency , Quadrature encoder , Voltage
Bank Isolation

Yes

16 bits

250 kS/s
10V
-10v,10V
3.1mVv
97.6 uv
-02v,02V
112 yv
52V

4

No

4095 samples

2
16 bits
10V
-0V,10V
323V
-10V,10V
323pv
500 kS/s
5mA

10 mA
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M157197 0.9 Toyasunzuedn1ia DAQ [20]

Bidirectional Channels 0

Input-Only Channels 6

Output-Only Channels 4

Number of Channels 0,6,4

Timing Software

Logic Levels 24V

Input Current Flow Sinking , Sourcing
Output Current Flow Sourcing
Programmable Input Filters Yes

Supports Programmable Power-Up States? Yes

Current Drive Single 350 mA
Current Drive All 400 mA
Watchdog Timer No
Supports Handshaking 1/0? No
Supports Pattern /10? No
Maximum Input Range ov,30V
Maximum Output Range ov,30V

Counter/Timers

Counters 2
Number of DMA Channels 4
Buffered Operations Yes
Debouncing/Glitch Removal Yes
GPS Synchronization No
Maximum Range ov,30V
Max Source Frequency 80 MHz
Minimum Input Pulse Width 12.5ns
Pulse Generation Yes
Resolution 32 bits
Timebase Stability 50 ppm
Logic Levels 24V

Physical Specifications

Length 15.5cm
Width 9.7cm
/O Connector 37-pin D-Sub

Timing/Triggering/Synchronization
Triggering Digital

Synchronization Bus (RTSI) Yes
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